Introduction
Throughout the development of civilisations, the relationship between human and plants has been very close. Human beings started its civilisation from the forest, which houses diverse fauna and flora species. Traditional medicines provide a reservoir of plant materials that should be tapped. There is often a correlation between local uses of a plant and its activities in biological screening systems (Anokbongoo 1992) . Nowadays, a substantial number of drugs being are developed from plants for the treatment of various diseases (Fabricant & Farnsworth 2001) .
an effective approach in the discovery of new anti-infective agents from higher plants (Duraipandiyan, Ayyanar & Ignacimuthu 2006 ). Chatterjee and Fleck (2011) established that antimicrobial resistance is a global problem that affects all countries as many bacterial and fungal infections are widespread worldwide. The emergence of resistance to numerous antibiotics necessitates a search for new drugs. The goal of the antimicrobial therapy is to effectively eradicate pathogenic organisms while minimising drug toxicities. Various factors affect the treatment outcomes of infectious diseases, including host defence mechanisms, sites of infection, virulence of the pathogens and pharmacologic properties of the antimicrobial agents used to treat infections (Kingston 2008) .
Clinically useful antibiotics now in use have major side effects, such as being neurotoxic, nephrotoxic, ototoxic or hypertensive, and few others cause severe damage to the liver, as well as bone marrow depression, aside from the narrow spectrum of the antimicrobial activity as asserted by Aiyegoro and Okoh (2009) . The World Health Organization (2014) also reported that infectious pathogens have developed resistance to almost all known antibiotics. However, abundant medicinal plants have been used in many forms over the years to treat, manage or control human ailments (Prescott, Harley & Klein 2002) . Therefore, any effort to further explore medicinal or natural products from botanical flora towards improving healthcare deliveries deserves attention.
Lannea egregia Engl. and K. Krause (Anacardiaceae), like other Lannea species, had been used in folk medicines in African countries to treat various ailments in humans. The stem bark is used externally to treat ulcers, sores and leprosy (Burkill 1985) . A decoction is drunk against gastric pains, diarrhoea, oedema, paralysis, epilepsy and madness (Jansen 2005) . In Nigeria and the Central African Republic, stem bark decoction is drunk as a stomachic to improve the haemoglobin level and as part of vermifuge medicine (Arbonnier 2004) . The macerated root is used in a poultice for the treatment of wounds (Neuwinger 2000) . The leaves of Lannea egregia are also used traditionally as an anticancer herb (Soladoye et al. 2010) . In Burkina Faso, root decoction is used to cure hernia and leaf decoction is used to cure haemorrhoids (Neuwinger 2000) .
Lannea egregia is a deciduous tree that grows up to a height of 590.55 in. (15 m), and is spread across the savannas in Guinea to Nigeria (Jansen 2005) . In Guinea, Ivory Coast and Benin, this species shares the same local name as L. barteri (Oliv.) Engl. (Arbonnier 2004 ) and undoubtedly has the same usage. It is commonly known as false marula and locally known as ekudan (KO&S) in Nigeria (Yoruba). Lannea egregia is a promising medicinal plant, and the result of this study is in full agreement with its traditional usage for treating microbial infections (such as Staphylococcus aureus, Candida albicans, etc.) and wounds healing. To the best of our knowledge, this study is the first report on the preliminary phytoconstituents, antimicrobial and free radical inhibitory properties of L. egregia, which had enjoyed traditional methods for treating skin disorders in Southwest Nigeria. There was no previous study on this species; however, antimicrobial, radical scavenging activities and acetylcholinesterase inhibitions, as well as anthelmintic activity of Lannea barteri have been carried out (Koné et al. 2011 ).
This work was designed to investigate the phytochemical, antimicrobial and antioxidant properties of Lannea egregia Engl. and K. Krause, with the aim of establishing the presence of bioactive constituents responsible for its ethnomedicinal use.
Materials and methods

Plant collection
The fresh stem bark of Lannea egregia was collected in February 2015 from the savannah region of Itabo Lanlate, Oyo State, Nigeria. The plant species was sent to Forest Herbarium, Ibadan (FHI) for identification and authentication. Voucher specimen was kept at the FHI, with the file number 110395.
Preparation of the extract
The air-dried powdered stem bark was successively extracted with n-hexane, dichloromethane (DCM), ethyl acetate (EtOAc) and methanol (MeOH) for 72 h using a fivefold excess of solvent. Filtrates were then concentrated to dryness in vacuo at 30 °C. All the biological activities were carried out in the Department of Pharmacognosy, Faculty of Pharmacy, University of Ibadan, Nigeria.
Preliminary phytochemical screening
Preliminary qualitative chemical tests were carried out on the solvent extracts of Lannea egregia (stem bark) using standard procedures to identify the phytoconstituents (Harborne 1998; Sofowora 2008; Trease & Evans 1989) . Secondary metabolites such as alkaloids, flavonoids, tannins, saponins, terpenoids, cardiac glycoside and anthraquinones were determined.
Alkaloids
Each extract (0.01 g) was diluted with 10 mL of 1% HCl, boiled on a water bath and filtered. To 5 mL of the filtrate, 2 mL of diluted ammonia was added. After this, 5 mL of chloroform was added and gently shaken to extract the alkaloidal base. The chloroform layer was extracted with 10 mL of acetic acid. This was divided into two portions. Mayer's reagent was added to one portion and Draggendorff's reagent to the other.
The formation of a cream (with Mayer's reagent) or reddishbrown precipitate (with Draggendorff's reagent) was regarded as positive for the presence of alkaloids.
Flavonoids (lead acetate test)
To a 5 mg/mL aqueous solution of the extract, 1 mL of 10% lead acetate solution was added. The production of a yellow precipitate was an indication of flavonoids.
Tannins (ferric chloride test)
The extract (0.01 g) was boiled in 10 mL of water in a test tube and then filtered. A few drops of 0.1% ferric chloride were added and observed for brownish green or a blue-black colouration, which signified the presence of tannins.
Saponins (frothing test)
Distilled water (5 mL) was added to 0.01 g of the extracts in test tubes. The solutions were shaken vigorously and observed for a stable persistent froth. The frothing was mixed with three drops of olive oil and shaken vigorously, after which it was observed for the formation of an emulsion.
Anthraquinones (Borntrager's test)
The extract (0.01 g) was boiled with 10 mL of benzene and filtered while hot. The filtrate was shaken with 5 mL of chloroform. The chloroform layer was pipetted into another test tube, and 1 mL of diluted ammonia was added. The resulting solution was observed for colour changes. Pink, red or violet colour at the ammoniacal phase indicated the presence of anthraquinones.
Terpenoids (Salkowski test)
Chloroform (2 mL) was added to 0.01 g each of the extracts. Concentrated H 2 S0 4 (3 mL) was carefully added to form a layer. A reddish-brown colouration of the interface indicated the presence of terpenoids.
Cardiac glycosides (Keller-Killiani test)
Each extract (0.01 g) was dissolved in 2 mL of glacial acetic acid containing one drop of ferric chloride solution and was diluted with 5 mL of water. They were underlayed with 1 mL of concentrated sulphuric acid. A brown ring at the interface indicated the presence of a deoxysugar characteristic of cardenolides. 
Antibacterial test Bacteria strains used
Antibacterial screening procedure
The antibacterial activities of the extracts were tested against the selected strains using agar well diffusion method as described by Mbata, Debiao and Saikia (2008) . An amount of 20 mL of sterilised nutrient agar medium was poured into each sterile Petri dish and allowed to solidify. The test bacteria cultures were standardised to 0.5% McFarland standard (NCCLS 1993) and evenly spread over the appropriate media with the aid of a swab stick.
Then wells of 6 mm were made in the medium using a sterile cork borer. Different concentrations of sample solutions were prepared followed by appropriate dilutions to the required concentrations (25, 50, 75 and 100 mg/mL). These concentrations (at 0.1 mL) were transferred into separate wells, followed by the incubation of the plates at 37 °C for 24 h. After the incubation period, the zones of growth inhibition (ZI) were observed and measured using transparent ruler (Mbata et al. 2006) . Each test was repeated three times. The mean of the triplicate tests ± their standard error of mean (SEM) was calculated and recorded as the diameter of zone of inhibition. Standard sensitivity discs of selected antibioticsSeptrin (SXT: 30 µg), Ciprofloxacin (CPX: 10 µg) and Pefloxacin (PEF: 10 µg/mL) -were used as positive controls. Active plant extracts showing visible zones of inhibition were further tested at lower concentrations to determine their minimum inhibitory concentration (MIC), using the broth microdilution method in 96-well microtitre plate. The minimum bactericidal concentration (MBC) was determined by subculture of the preparations that have shown no evidence of growth in the MIC determination assay. These subcultures were made in nutrient agar plates (Grierson & Afolayan 1999) .
Antifungal screening procedure
Antifungal activity of all the plant extracts was tested using potato dextrose agar well diffusion method (Mbata et al. 2006 ) against four clinical isolates of fungal strains: Penicillium species, Aspergillus niger, Candida albicans, Fusarium verticiloides and Aspergillus flavus. About 20 mL of freshly prepared and sterilised potato dextrose agar medium (Lab M limited, Heywood, Lancashire, United Kingdom) was poured into each petri dish and allowed to solidify. The test fungal cultures at an equivalent of 0.5% McFarland standard (NCCLS 1993) were evenly spread over the respective plates, with the aid of swab stick. Then wells of 6 mm were made following the same procedure as done for the antibacterial test, and the plates were incubated at room temperature (25 °C -28 °C) for 5 days; this was done according to the recommendation of NCCLS M27 -A 2 protocol as modified by Hahn and Hamdan (2000) and Hahn et al. (2002) . The ZI were determined accordingly. A standard drug (Itraconazole) was used as a positive control.
Determination of minimum bactericidal and fungicidal concentrations
Minimum bactericidal concentration (MBC) and minimum fungicidal concentration (MFC) assays were carried out as described by Cheesbrough (2006) . Fresh nutrient agar and potato dextrose agar plates were inoculated with one loopful of culture taken from each of the broth cultures that showed no growth in the MIC tubes. The MBC assay plates were incubated at 37 °C for 48 h, while MFC assay plates were incubated at 25 °C for 72 h. After the incubation period, the lowest concentration of the extract that did not produce any bacterial or fungal growth on the solid medium was regarded as MBC and MFC values for each extract (Irkin & Korukluoglu 2007 ).
Radical scavenging assays using 2, 2-diphenyl-1-picrylhydrazyl
The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay was determined using the electron donating ability of the extracts, which was measured by bleaching a purple solution of DPPH radical with ascorbic acid as standard according to the method described by MacDonald-Wicks, Wood and Garg (2006) . The DPPH (0.0035 mg) was prepared to make 0.01 mM of the solution. Extracts (50, 25, 12.5, 6.25, 3 .125 and 1.562 µg/mL) were added to 0.5 mL of 0.01 mM DPPHmethanol solution. The concentrations of the extracted stock solution were obtained through multifold serial dilutions. The reaction mixture was incubated in a dark room for 30 min, and the free radical scavenging ability was estimated by measuring the absorbance of the mixtures against a blank at 517 nm with the spectrumlab 752s UV-VIS spectrophotometer. The DPPH radical stock solution was freshly prepared for the reaction, and precautionary measures were taken to reduce the loss of free radical activity during the experiment. The inhibition percentage of DPPH radicals by the extract was calculated using the following formula: Extract concentration providing 50% inhibition (IC 50 ) was calculated from the graph of inhibition percentage plotted against extract concentration. The L-ascorbic acid was used as positive control. Tests were carried out in triplicate, and the average value was taken.
Estimation of total phenolic content
Total phenolic content (TPC) was determined using the FolinCiocalteu method described by Singleton, Orthofer and Lamuela-Raventos (1999) , which was based on a colorimetric ±, Standard error of mean, -means 6.0; that is, no activity beyond the size of the cork borer.
http://www.jomped.co.za Open Access oxidation and reduction reaction. Folin-Ciocalteu reagent (5 mL) was added to 100 µg/mL aliquots of the extracts. After 3 min, 4 mL of Na 2 CO 3 (7.5%) solution in distilled water was added to the mixture and the content was thoroughly mixed. The mixture was incubated for 30 min after which the absorbance was determined spectrophotometrically at the absorbance of 765 nm using spectrumlab 752s UV-VIS spectrophotometer. A linear dose-response regression curve was generated using absorbance reading of gallic acid at 765 nm wavelength. Results were expressed as µg GAE/mg of the dry weight of the extracts.
Results
Preliminary phytochemical screening result of L. egregia stem bark
The result of the preliminary phytochemical screening of Lannea egregia stem bark extracts using gradient extraction, as shown in Table 1 , revealed that cardiac glycoside and saponins were absent in all the extracts except in the DCM where saponins were present. Anthraquinones and terpenoids were present in n-hexane extract, but flavonoids, alkaloids and tannins were absent. However, flavonoids, tannins and terpenoids were found in abundance in the DCM extract, while alkaloids and anthraquinones were also present. Terpenoids and tannins were abundant in the EtOAc extract, while flavonoids, alkaloids and anthraquinones were present. Also, the MeOH extract contained abundant terpenoids and tannins; alkaloids were present but no flavonoids.
Antibacterial screening result of L. egregia stem bark extracts
The antibacterial activities of the extracts were examined in this study. The results are given in Table 2 . The values of the zones of growth inhibition (ZI) produced by n-hexane was between 6.0 and 10.0 ± 3.0, DCM ZI values ranged from 9.0 ± 2.0 to 24.6 ± 2.4, EtOAc was between 8.6 ± 2.7 and 20.6 ± 1.2, while MeOH was 11.3 ± 2.7 to 15.3 ± 3.0 mm, respectively. The DCM extract exhibited the highest activity on all the bacterial strains, with ZI ranging from 9.0 ± 2.0 to 24.6 ± 2.4 mm. The negative control plates showed no activity as there was bacteria growth on the plates. This implies that the vehicle solvent did not interfere with the activities shown by the extracts.
The DCM extract exhibited competing activities with CPX on some of the bacteria strains and was more active than PEF (Figure 1 ) on most strains. In Proteus mirabilis, the extract at 100 mg/mL had ZI of 23.0 mm, CPX had 22.5 mm, while PEF was not active. Also, the extract was able to inhibit the activity of Pseudomonas aeruginosa at ZI of 23.0 mm, while CPX inhibited the growth at 24.0 mm. It was observed that the activities of the DCM extract were concentration-dependent that is, the higher the concentrations, the higher the activity.
Antifungal screening
The results of antifungal activities of the extracts are presented in Table 3 . The DCM extract also showed better activity than others on five strains of fungi: Penicillium species, Candida http://www.jomped.co.za Open Access albicans, Aspergillus niger, Fusarium verticiloides and Aspergillus flavus. The ZI on fungal strains ranged from 10.3 ± 4.6 to 18.0 ± 1.5 mm. The inhibition zones of 6.0 mm indicated little or no activity; inhibition was confined to the well diameter only with no clear ZI. However, the comparable activities of the DCM extract to standard antifungal drug (itraconazole) revealed that the extract exhibited good activity at 100 mg/mL, with better activity observed on Aspergillus flavus than itraconazole. Also, it was revealed that EtOAc extract had better performance on Fusarium verticiloides than DCM and itraconazole.
Minimum inhibitory concentrations and minimum bactericidal/fungicidal concentrations of the dichloromethane extract against different bacterial and fungal strains
The most active extract (DCM) was further tested at lower concentrations to determine the lowest concentration at which it would display activity. The MIC of the DCM extract on bacteria was found to range from 0.0008 mg/mL (Escherichia coli) to 12.5 mg/mL (Enterococcus faecalis), while its lowest inhibitory concentrations on fungi ranged from 0.391 mg/mL to 1.562 mg/mL, as shown in Table 4 . The minimal bactericidal and fungicidal concentrations of the extract (Table 4) ranged from 25 mg/mL to 75 mg/mL and 50 mg/mL, respectively.
2, 2-diphenyl-1-picrylhydrazyl free radical scavenging activity of the dichloromethane and ethyl acetate extracts
The two active extracts (DCM and EtOAc) were further subjected to DPPH and TPCs to determine their free radical scavenging activities. The violet colour of DPPH free radical changed to yellow on the addition of these two extracts, which indicated the conversion of DPPH free radicals to DPPH antioxidant compounds. The IC 50 values of the extracts are presented in Figure 2 . The IC 50 of the DCM extract was 2.54, while the value of EtOAc extract was 2.44 and that of ascorbic acid was 5.42. The indication is that the lower the IC 50, the higher the activity. 
Total phenolic content of dichloromethane and ethyl acetate extracts of Lannea egregia's stem bark
The TPC of DCM and EtOAc extracts of L. egregia's stem bark was measured using the Folin-Ciocalteu method. The results presented in Table 5 show that the TPC values of DCM and EtOAc extracts were 1582.47 ± 6.69 and 1579.89 ± 12.77 µgGAE/mg of extract and inhibitory antioxidant.
Discussion
The presence of phytochemicals such as flavonoids, alkaloids, terpenoids, tannins and anthraquinones in the stem bark of L. egregia justified its use as a potential medicinal plant in the genus Lannea, which is in line with secondary metabolites found in L. coromandelica and L. alata (Islam et al. 2002; Kumar & Jain 2015; Okoth, Chenia & Koorbanally 2013) . The phytochemical profile obtained from this study was similar to that of Kumar and Jain (2015) , but differs from their report by the absence of saponins from EtoAC and MeOH extracts. Havsteen (2010) reported that the presence of flavonoids in plants indicated their significance in pharmaceutical industries for the production of antimicrobial, antioxidant, anticancer and other degenerative diseases drugs.
This validates the result of Soladoye et al. (2010) on the ethnobotanical survey of anticancer plants in Ogun-State, Nigeria, where L. egregia was mentioned as an anticancer plant.
The antimicrobial activity of the DCM extract may be attributed to the abundance of flavonoids in the extract as most compounds isolated from Lannea species are flavonoid compounds. For instance, Islam and Tahara (2000) isolated flavonoids and tannins polyflavonoids (Islam et al. 2002) from Lannea coromandelica. Flavonol was reported to have been isolated from the roots of Lannea alata (Engl.) Engl (Okoth et al. 2013 ).
Also, Cowan (1999) reported that flavonoids are synthesised by plants to counter microbial infections, which make them effective antimicrobial substances against a wide array of microorganisms.
The antioxidant results of this study revealed that L. egregia stem bark is a good source of natural radical scavenging activity, as DCM and EtOAc extracts were able to decolourise the DPPH and TPC solutions. Sannigrahi et al. (2009) reported that the degree of discolouration is an indication of the free radical scavenging potential of the sample/ antioxidant by their hydrogen-donating abilities. These results corroborate the work of Ouattara et al. (2011) , which established the antioxidant activities of L. acida, L. velutina and L. microcarpa stem bark and concluded that the activities of these Lannea species as good antioxidant plants were because of the high quantity of TPC (Karon et al. 2007 ). The lower the inhibitory antioxidant value, the higher the activity is. This study is in correlation with previous studies conducted on Lannea species, which revealed that the genus has good antimicrobial and better free radical scavenging activities. Diallo et al. (2001) and Maiga et al. (2006) established the free radical scavenging and antifungal activities of Lannea velutina against Cladosporium cucumerinum. Also, Queiroz et al. (2003) reported antioxidant and low mutagenic activities of Lannea edulis against the strain TA97 of Salmonella typhimurium. Furthermore, Lannea acida has been reported to possess antibacterial activity against a wide range of bacteria, including MRSA (Koné et al. 2004) . Numerous antibacterial and antioxidant compounds have been isolated from Lannea species; Okoth et al. (2013) isolated the arabinofuranoside and rhamnopyranoside from the root of L. alata (Engl.) Engl., which showed antioxidant activity comparable to ascorbic acid. Also, Lanneaflavonol, dihydrolanneaflavonol, myricitrin and betmidin isolated from the root of L. alata exhibited good antibacterial and radical scavenging activity with the glycosides (Okoth et al. 2013) . The activities so far from the extracts of L. egregia stem bark support its traditional claims of antimicrobial and wound healing properties.
Conclusion
The stem bark was collected from L. egregia to investigate its antimicrobial and antioxidant activities, with the aim of establishing the presence of bioactive constituents responsible for its ethnomedicinal use. Four organic solvent extracts (n-hexane, DCM, EtOAc and MeOH) were used for the study. The study revealed that the DCM extract showed maximum antimicrobial and better free radical scavenging activities when compared to others. The results of this study have shown that L. egregia plant is a good source of antimicrobial agents and a potentially good radical scavenger, which justify its traditional use in treating skin disorders, wounds, cancer and some other degenerative diseases. More research should be conducted on the biological activities (such as cancer assay, hypertension and other degenerative diseases assays) of L. egregia stem bark to validate and justify its many traditional uses.
